Lecture #5 


e Stacks 
* Queues 


nemegene ERSTATTE 


Stacks 
What’s the big picture? 


A stack is a data structure that 
resembles a stack of plates at a buffet. 


Just like a stack of plates, the last 
plate/value you add is at the top of the 
stack, and thus the first to be removed. 
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The last-added/first-removed ne a 
stacks can help solve many hard 


The Stack: A Useful ADT 


A stack is an ADT that holds a collection of items (like 
ints) where the elements are always added to one end. 


Just like a stack of plates, the last item pushed onto the 
top of a stack is the first item to be removed. 


Stack operations: 


* put something on top of the stack (PUSH) 
° remove the top item (POP) 

° look at the top item, without removing it 
° check to see if the stack is empty 


We can have a stack of any type of variable we like: 
ints, Squares, floats, strings, etc. 


Note: The stack Is 
The Stack called a Last-In-First- 
Out 
| can... data structure. 
Push 5 on the stack. esi ae freee 
Push -3 on the stack. 2 
Push 9 on the stack. yp 
Pop the top of the stack. 
Look at the stack’s top value. E 


Push 4 on the stack. 

Pop the top of the stack 

Pop the top of the stack 
Look at the stack’s top value. 
Pop the top of the stack 


Note: You can only access the top Item of the 
stack, since the other items are covered. 


Stacks 


class Stack // stack of ints 
{ 
public: 
Stack(); // c’tor 
void push(int i); 
int pop(); 
bool is empty(void); 
int peek _top(); 
private: 
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Question: 
What type of data structure can 
we use to implement our stack? 


int main(void) 


{ 


Stack is; 


is.push(10); 
is.push(20); 


Answer: 

How about an array 
and a counter 
variable to track 
where the top of the 
stack Is? 


Implemer Aa ak 


Update the location 
Stack() {m_top = O; where our next item 
void push(int val Fre: i dl kg 


our stack, ler 
const int SIZE = 100; = ASS 
class Stack a mu „our 
{ 
public: 


: iple, 
iS 


eep track of where 
the next item should 


be added to the ug 
ee 


if (m_top >=S a i i 4 
m_stack[m Since m_top points to where 
m_top += 1; 8 _ m pa 

} ‚Let Extract the value from the o 

int pop() top of the stack and return it ! 
AO == to the user. Ly 
m top -= 1] d 
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Stacks 


SERS ETE — The first item we ra matn (vord 
claes sr nuch will ha nlarad in | — Stack is; 
{ Currently, our mM top points to the | —int a; 
ela next open slot in the stack... 

== aC 


— is.push(5); 
— is.push(10); 


— void But we want to return the top l 
item already pushed on the stack. | 74 = 1s.pop(); 


— 1 


— m — cout << aj 
— m So first we must decrement our — is.push(7); 
} m top variable... } 


—stack[1] | 
we return 10 / underflow m_top ii 


— return m stack[m top]; m_stack 
} 


private: 
int m_stack[SIZE]; 


int m_top; ¡ES ] 
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Always Remember: 


const int SIZE = 100; 
class Stack 


{ 
public: 
Stack() { m_top = 0; 
void push(int val) { 
if (m_top >= SIZE 
m_stack[m_top] = 
m top += 1; 


} 
int pop() { 
m top -= 1; 
} 
private: 


int m_stack[SIZE]; 
int m_top; 
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val; 


if (m_top == 0) exit(-1); // underflow 


return m_stack[m top]; 


When we push, we: 

A. Store the new item in 
m_stack[m_top] 

B. Post-increment our m_top variable 


(post means we do the increment after storing) 
) ex? ; 7/ overflow 


Always Remember: 


When we pop, we: > 


A. Pre-decrement our m_top 
variable 
B. Return the item in 
m_stack[m_top] 
(pre 


means we do the 
decrement before returnina) Á 
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Cc 
O Here's the 


And as with cin and cout, you can 
remove the std:: prefix if you add a 


h 


Stacks al using namespace std; 

wrote one : a command! J 

#include <io: 

#include <sté stack<string> stackOfStrings; 

using namespace stdstd::stack<double> stackOfDoubles; 

int main() 

{ | > 

stack<int> istack; // stack of ints top item’s value, 

istack.push(10); before popping it, use the top() 
istack.push(20); method! 5 


cout << istack.top(); 7 E j ON 
istack.pop(); in Note: The STL pop() 
command simply throws 


if (istack.empty() == fi away the top item from the 
cout << istack.size() stack 


but it doesn’t return it. 
4 
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Stack Challenge 


Show the resulting stack after the following program 
runs: 


#include <iostream> 
#include <stack> 
using namespace std; 


int main() 


{ 


stack<int> istack; // stack of ints 


istack.push(6); 

for (int i=0;i<2; i++) 

{ 
int n = istack.top(); 
istack.pop(); 
istack.push(i); 
istack.push(n*2); 
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Stack Challenge 


Show the resulting stack after the following program 


runs: 

#include <iostream> 
#include <stack> 
using namespace std; 


int main() 


{ 


— stack<int> istack; // stack of ints 


> istack.push(6)y | 

~> for (int 1=0;1<2;1++) 

{ 

— int n = istack.top(); 
—> istack.pop(); 

—> istack.push(i); 

—> istack.push(n*2); 


} 


Common Uses for Stacks 


Stacks are one of the most USEFUL data structures 
in Computer Science. 


They can be used for: 
° Storing undo items for your word processor 
The last item you typed is the first to be undone! 
° Evaluating mathematical expressions 
5+6*37]]23 
° Converting from infix expressions to postfix 
expressions 
A+B[]AB + 
* Solving mazes 


In fact - they’re so fundamental to CS that they’re 
built into EVERY SINGLE CPU in existence! 


A Stack... in your CPU! 


a built-in stack 


intel) 


Did you know that every CPU 
used to hold local varia 
paramete 


When you pass a value to 
a function, the CPU 
pushes that value onto a 
stack in the computer’s 


mamar value 


rS 
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— void bar(int b) 


{ 
— cout << b << endl; 


—} 


a 


—»>void foo(in 
ee << a << end Local variables ed tion returns, the 
—> bar(10); are stored on the o = the stack and 
—>} computer’s built- Br 
in stack! a 10 


int main(void) decidre a lo&l variable, 
younproyram puskes it onthe PC's 


— int x = 5; Stack autom kegler 


15 ©} Document1 - Microsoft Word 
i Eile Edit View Insert Format Tools Table Window 


When the user hits the ¿ Normal y Times New Roman y 12 | B = ; ‘ 


feature of your favoril‘ 
THEO oP AG RSEOE SPT q: 
pops the top item off |' 
the wstasiaandaleropret : 
it from the document! |: 
Every time you type a msm É | a 
word, it’ S added to the |: Draw |e | AutoShapes~ N SS IIA: A == = 
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Every time you cut-and-paste so” [ “not! 
an IMAGE ANA TIO Gy drá ja 
prog do dae stadkthe last 
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tex or Ober und Au IS “Carey” 
tracked on a Stack! undo stack 


“cool” 


Postfix Expression Evaluation 


Most people are used to infix notation, where the 


operator is in-br” A 
Postfix notati¢ As we'll see, postfix expressions 
expressions - here have no such ambiguity! 
~ InT1X post) Ent 
A 1R £ L 
If you’ve ever used an HP Is that (5+10) * 3 N 
calculator, you've used er 
postfix notation! Sar GRO ac) 


lo understand infix expressions, 
the computer has to be equipped 
yn with precedence rules! 


ESSIOTTS, VUCCause ticy re 


fix expression example: 5 + 10 * 3 


Postfix Evaluation Algorithm 


Inputs: postfix expression string 
Output: number representing 6 * 5 + 


answer 
Privake get BAe tt. most token. 
—2. If the token is a number: 
— a. Push it onto the stack (47) 
—3. Else if the token is an operator: 
—a. Pomthedermalufäntpıa variable called v2, 
and the second-to-top value into v1. 
—b. Apply operator to vl and v2 (e.g., v1 / v2) 
—c. Push the result of the operation on the stack 
—4. If there are more tokens, advance to the next 
token and go back to step #2 
— 5. After all tokens have been processed, the top 
# 


Class Challenge 


Given the following postfix expression: 6 8 2/3 * - 


Show the contents of the stack *after* the 3 has 
been processed by our postfix evaluation algorithm. 


Reminder: 


1. Start with the left-most token. 

2. If the token is a number: 
a. Push it onto the stack 

3. If the token is an operator: 
a. Pop the top value into a variable called v2, and the 

second-to-top value into v1. 

b. Apply operator to the two #s (e.g., v1 / v2) 
c. Push the result of the operation on the stack 

4. Ifthere are more tokens, advance to the next token and 
go back to step #2 

5. After all tokens have been processed, the top # on the 
stack is the answer! 


Infix to Postfix Conversion 


Stacks can also be used to conve 
postfix express 


For example, 


From: (3 + 5) * (4 + 3/2)- 
To:35+432/+*5- 


Or 


From: 3+6*7*8-3 
To: 367*8*+3- 


Since people are more 
used to infix 
notation... 


You can let the user 
type in an infix 
expression... 


And then convert it 
into a postfix 
expression. 


Finally, you can use 
the postfix evaluation 
alg (that we just learned) 
to compute the value 


InmIx TO POSTIIX 
inputs: Infix string Conve rsion 


Output: postfix string (initially empty) 
Private data: a stack 
1. Begin at left-most Infix token. 
2. If it's a #, append it to end of postfix string followed by a 
Space 
3. If its a “(”, push it onto the stack. 
4. If it’s an operator and the stack is empty: 
a. Push the operator on the stack. 
5. If it’s an operator and the stack is NOT empty: 


a. Pop all operators with greater or equal precedence off 
the 


stack and append them on the postfix string. 
b. Stop when you reach an operator with lower precedence 
oral. 
c. Push the new operator on the stack. 


6. If you encounter a “)”, pop operators off the stack and 
append 
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Solving a Maze with a 


Stack! 


We can also use a stack to determine if a maze is 


solvable: 


Start 
(1,1) 


01234567 


Finish 
(6,6) 


NO Ul E U N FIO 


a Solving a Maze with a 
Stack! 


Inputs: 10x10 Maze in a 2D array, 

Starting point (sx,sy) 

Ending point (ex,ey) 
Output: TRUE tf the maze can be solved, FALSE otherwise 
Private data: a stack of points 


class Point class Stack 
{ { 
public: public: 
Point(int x, int y); Stack(); // c’tor 
int getx() const; void push(Point &p); 
int gety() const; Point pop(); 
private: Sige 
int mx, my; private: 
+; ee 
y; 


24 IVIVINYQ a Maze WILT) a 
stack! 1,1 


— 1. PUSH starting point onto the stack. 0 
— 2. Mark the starting point as “discovered.” 1 
—> 3. While the stack is not empty: > 
3 
4 


01234567 


? 
fave | 
—>/AUSOMttnstiok pwiekwérehthetatazinto a ea 
—>Máwableseee how in a bit) al 
—>B. If we're at the endpoint, DONE! Otherwise...5 MY | | AM 
C. If slot to the WEST is open & is undiscovered6 MM | | | 


Mark (curx-1,cury) as “discovered” 7 
— PUSH (curx-1,cury) on stack. 
-B. If slot to the EAST is open € is undiscovered 1,1 == 6,6? 
— Mark (curx+1,cury) as “discovered” Not yet! 


— PUSH (curx+1,cury) on stack. 
E. If slot to the NORTH is open & is 
undiscovered 

— Mark (curx,cury-1) as “discovered” 
— PUSH (curx,cury-1) on stack. 


F> If slot to the SOUTH is open €: is 1.2 

undiscovered P a : 
Mark (curx,cury+1) as “discovered” E [2,1 | 
PUSH (curx, ,cury+1) o on 1 stack. cur = 1,1 
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Stack! 


01234567 
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1. PUSH starting point onto the stack. 
2. Mark the starting point as “discovered.” 
—> 3. While the stack is not empty: 
—> A. POP the top point off the stack into a 
— variable. 
—>B. If we're at the endpoint, DONE! Otherwise...5 
C. If slot to the WEST is open & is undiscovered6 
Mark (curx-1,cury) as “discovered” 7 
— PUSH (curx-1,cury) on stack. 
D. If slot to the EAST is open & Is undiscovered 
Mark (curx+1,cury) as “discovered” 
—> PUSH (curx+1,cury) on stack. 
E. If slot to the NORTH is open & is 
undiscovered 
— Mark (curx,cury-1) as “discovered” 
— PUSH (curx,cury-1) on stack. 
-> If slot to the SOUTH is open & is —_— 
undiscovered A 
Mark (curx,cury+1) as “discovered” 
PUSH (curx,cury+1) on stack. cur = 1,2 
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26 IVIVINYQ a Maze WILT) a 
Stack! 


1. PUSH starting point onto the stack. 
2. Mark the starting point as “discovered.” 
—> 3. While the stack is not empty: 
—> A. POP the top point off the stack into a 
— variable. 
—> B. If we're at the endpoint, DONE! Otherwise...5 
C. If slot to the WEST is open & is undiscovered6 
Mark (curx-1,cury) as “discovered” 7 
— PUSH (curx-1,cury) on stack. 
D. If slot to the EAST is open & Is undiscovered 
Mark (curx+1,cury) as “discovered” 
—> PUSH (curx+1,cury) on stack. 
E. If slot to the NORTH is open & is 
undiscovered 
— Mark (curx,cury-1) as “discovered” 
PUSH (curx,cury-1) on stack. 
F. If slot to the SOUTH is open € is _— 
undiscovered A 
Mark (curx,cury+1) as “discovered” 
PUSH (curx,cury+1) on stack. cur = 1,3 


ey, a WE Aa a ne sn, 
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Stack! 


1. PUSH starting point onto the stack. 
2. Mark the starting point as “discovered.” 
—> 3. While the stack is not empty: 
—> A. POP the top point off the stack into a 
— variable. 
—>B. If we're at the endpoint, DONE! Otherwise...5 
C. If slot to the WEST is open & is undiscovered6 


PwWNHO 


Mark (curx-1,cury) as “discovered” 7 
—> PUSH (curx-1,cury) on stack. 
-. If slot to the EAST is open €: is undiscovered 2,1 == 6,6? 
— Mark (curx+1,cury) as “discovered” Not yet! 


—> PUSH (curx+1,cury) on stack. 
E. If slot to the NORTH is open & is 
undiscovered 
— Mark (curx,cury-1) as “discovered” 
PUSH (curx,cury-1) on stack. 
F. If slot to the SOUTH is open & is 


undiscovered | i KK“ 3 1 


Mark (curx,cury+1) as “discovered 
PUSH (curx, ,cury+1) o on 1 stack. cur = 2,1 


A por ıll” 2. — .. 2. O EI. Mo Dr o a Mr a ec ts, A nen 
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Stack! 


1. PUSH starting point onto the stack. 0 

2. Mark the starting point as “discovered.” 1 

—> 3. While the stack is not empty: > 

—>A. POP the top point off the stack into a a at | 

P variable. he 
—>B. If we're at the endpoint >” lution TO 

C. If slot to the Y g the 50 


eee 


. e 
TINS > as discovered” 
‚cury-1) on stack. 


Slot to the SOUTH is open & is 


ES Uy 


undiscovered KK“ 


Mark (curx,cury+1) as “discovered” 
PUSH (curx, ‚cury+1)o on 1 stack. 
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Stack 


Depth-first Search Visualization 
O12345 6/7 
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Watch how our search 
goes “deep” in the same 
direction until it hits a 
dead end... 

It does this because it 
always processes the last 
item pushed on the stack... 


u 


Y y ) 
Su Ta 


Which happens to be right 
next to the current square 
being processed. 


jZ—/s 
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This is why it’s called a 
“depth-first” search. 


i | 
Your favorite game! 


> Prog vammin 


Language “NVentoy 


> Sevial killer 
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stack.push(“1st” 
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Queues 
What’s the big picture? 


A queue Is a super-useful* data 
structure that resembles a conveyer 


Dishes are Shah as hes. rear of the 
see ee 

10. NG r f ron Sal f ront 

101408) 

=> IE | @ | @ æ 


and dishes are extracted from its front... 
rear front rear front 
y he y y 


10,140 8 ) 1014) 
»..... æ 
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he first-in/first-out property of queues is opposite 
of the last-in-first-out property of stacks. 


Another ADT: The Queue 


The queue is another ADT that is just a like a line 
at the store or at the bank. 


The first person in line is the first person out of line 
and served. 


This is called a FIFO data structure: 
FIRST IN, FIRST OUT. 


Every queue has a rear front 
front and a rear. You 4 -3 
enqueue items at the ZEN 


rear and dequeue from 
the front. 
What data structures could you use to implement a queue: 
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The Queue Interface 


void enqueue(int a): 
Inserts an item on the rear of the queue 
int dequeue(): 
Removes and returns the top item from the front 
of the queue 
bool isEmpty(): 
Determines if the queue is empty 


Int size(): 


Determines the # of items in the qu LIKE a Stack, we 


can have 


Int getFront(): queues of any 
Gives the value of the top item ont type of data! 


without removing it like dequeue Queues of 
Strings, Points, 


Common Uses for Queues 


Often, data flows from the Internet faster than the 
computer can use it. We use a queue to hold the 
data until the browser is ready to display it... 


Every time your computer receives a character, it 
enqueues it: 


internetQueue. enqueue(c) ; 


Every time your Internet browser is ready to get 

and display new data, it looks in the queue: 
while (internetQueue.isEmpty() == false) 
{ 


char ch = internetQueue.dequeue() ; 


cout << ch; // display web page... 
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Common Uses for Queues 


You can also use queues to search through mazes! 


If you use a queue instead of a stack in our 
searching algorithm, it will search the maze ina 
different order... 


Instead of always exploring the last x,y location 
pushed on top of the stack first... 


The new algorithm explores the oldest x,y location 
inserted into the queue first. 


Solving a Maze with a Queue! 


(AKA Breadth-first Search) 
sx,sy = 1,1 


— 1. Insert starting point onto the queue. 
— 2. Mark the starting point as “discovered.” 
—> 3. While the queue is not empty: 
—» AUséethe vue fro rexptoné froamtazequeue. 
—Y1B(wé'Wetre bothmendsdint, DONE! Otherwise...4 
—C. If slot to the WEST is open & is undiscovereds 
Mark (curx-1,cury) as “discovered” 6 
INSERT (curx-1,cury) on queue. 7 
—>D. If slot to the EAST is open & is undiscovered 
— Mark (curx+1,cury) as “discovered” 
— INSERT (curx+1,cury) on queue. 
—>E. If slot to the NORTH is open €: is And so on... 
undiscovered 
Mark (curx,cury-1) as “discovered” 


UN FR O 


—> INSERT (curx,cury-1) on queue. cur cury= 
> If slot to the SOUTH is open €: is 
umdiscovered rear front 
4. If thMquedeuixatunty bndsweisao¢ered” 
reachesERur(guet, pusytioh), cheque. (3,2) (&,2)(2,1) 


maze is unsolvable. 
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Queue 
Breadth-first Search Visualization 


Watch how the squares 
01234567 


el) Le 
HH mu Ea 


like ripples in a pond... 
H TF 


It does this because each new 
square to explore is added to 
the END of the queue... 


So squares closer to the 
starting square are 
explored before squares 

further away. 


— OY Ul E UU N 


This is why it’s called a 
“breadth-first” search. 
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Queue Implementations 


We can use an array and an integer to represent a 


queue: 
int queuel 6], rear = 0; 


queue 46) (9 rear HEM 


j=“ > = 2 $ 


° Every time you insert an item, place it in the rear 
Slot of 
- EvekDeiaimyoanddAagema an itemnreaogeult of the items 
forward in the array and decrement the rear count. 


What’s the problem with the array-based implementation? 


lf we have N items in the queue, what is the cost of: 
(1) inserting a new item, (2) dequeuing an item 
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Queue Implementations 


We can also use a linked list to represent a queue: 


° Every time you insert an item, add a new node to 
the end 


© ERE Ke%bISHequeue an item, take it from the 
head 
of the linked list and then delete the head node. 


Of course, you'll want to make sure you 
have both head and tail pointers... 


or your linked-list based queue will be 
really inefficient! 
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The Circular Queue 


The circular queue is a clever type of 
array-based queue. 


Unlike our previous array-based 
queue, we never need to shift 
items with the circular queue! 


eae AOL 


3 4 5 


Let's see how it works! 


The Circular Que “If the count is zero, then you 


know the queue is empty. If the 
count is N, you Know it’s full... 


Private data: 
an array: arr 
an integer: head 
an integer: tail 


Ze ol 


* To initialize your queue, set: county 
count = head = tail = 0 


* To insert a new item, place it in arr[tail] 
and then increment the tail & count 


- Wa Ueue the head item, fetch 


arr[head | 


1 Me RESET SENGE past MEENE 


rray, set it back to 0. 


M 


0 1 2 3 


4 3 


9 


7 


Enqueue: 6 
Enqueue: 4 
Enqueue: -1 
Dequeue -> 6 
Enqueue: 9 
Enqueue: / 
Dequeue -> 4 
Enqueue: 5 
Enqueue: 42 
Dequeue -> -1 


To help you remember... 


Ls, 


|| 


Queue 


A Queue In the STL! 


The people who wrote the Standard Template 
Library also built a queue class for you: 


#include <iostream> 
#include <queue> 


int main() 


{ 
std: :queue<int> iqueue; // queue of ints 
iqueue.push(10); // add item to rear 
iqueue.push(20); 
cout << iqueue.front(); // view front item 
iqueue.pop(); // discard front item 


if (iqueue.empty() == false) 
cout << iqueue.size(); 
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Class Challenge 


Given a circular queue of 6 elements, show the 
queue’s contents, and the Head and Tail 
pointers after the following operations are 
complete: 


enqueue 
enqueue 
enqueue 
dequeue 
enqueue 
dequeue 
enqueue 
enqueue 
enqueue( 
daqdiiatea/() 


(5) 
(10) 
(12) 
() 
(7) 
() 
(9) 
(12) 
13) 


